Internal thermodynamics of position 51 mutants and natural variants of tyrosyl-tRNA synthetase.
Natural variation and evolution impose structural changes on an enzyme that can affect the energetics of catalysis. The energy profile of reaction could, in theory, be altered in three distinct ways: uniform binding changes, differential binding changes, and catalysis of elementary steps. Residue threonine-51 of tyrosyl-tRNA synthetase from Bacillus stearothermophilus is subject to natural variation, being replaced by alanine and proline in the enzymes from Bacillus caldotenax and Escherichia coli, respectively. The consequences of this variation on the energetics of formation of tyrosyl adenylate have been investigated by constructing free energy profiles for wild-type and mutant enzymes constructed by introducing these amino acids into the B. stearothermophilus enzyme. Mutation of Thr-51 to alanine, proline, and cysteine by site-directed mutagenesis improves the stabilization of the transition state in the formation of tyrosyl adenylate. Most marked is the mutation Thr-51----Pro-51 which stabilizes the transition state by 2.2 kcal/mol and accelerates the forward rate 20-fold to a level near that of the enzyme from E. coli. However, the improved transition-state binding is accompanied by an even greater stabilization of tyrosyl adenylate. This reduces the rate of pyrophosphorolysis of tyrosyl adenylate and/or weakens the binding of pyrophosphate in the reverse reaction, shifting the equilibrium between enzyme-bound reactants greatly in favor of the enzyme-intermediate complex. The more stable mutant enzyme-tyrosyl adenylate complexes have lower rates of aminoacylation, suggesting that mutations which stabilize the intermediate slow down the subsequent transfer of tyrosine from tyrosyl adenylate to tRNA.(ABSTRACT TRUNCATED AT 250 WORDS)